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Halvorson and Chureh (1957) have suggested
that one approach to an understanding of
germination might be a comparison of the enzyme
patterns of vegefative cells, dormant spores,
and spores in different stages of germination,
Simitarly, we have long felt that a differentiation
of germination from postgerminative develop-
ment on the basis of nutritional requirements
would give some insight into the changes that
oveur when the dermant spore becomes a rapidly
metabolizing cell, We have defined germination
as the spore’s initial loss of heat resistance ac-
companied by increased metabolic activity;
stainability with methylene blue; and loss of
refractility, Postgerminative development (Lev-
inson and Hyatt, 1956) was considered to
include later stages in the transition of the ger-
minated spore into & vegetative cell. Fach of the
morphelogical phases of postgerminative develop-
ment (swelling, emergence, elongation, and cell
division) is aceompanied by o change in respira-
tory rate {Mandels ef al., 1956), When glucose is
present, Mn**, L-alanine, or heat stimulates
spore germination, but added sulfur is necessary
for postgerminative development (Hyatt and
Levinson, 1957). Cot* and Nit* do not affect
germination, but these ions differentially inhibit
stages in subsequent develepment.

The present report describes further differ-
cenees in the requirements for germination and for
postgerminative development. We have found
that the pH range fo¥ optimal germination is
lower than that for postgerminative development.
Germination occurs under both aerobic and
anaerobic conditions (confirming the findings of
Roth and Lively, 1956), but further development
does not take place in the absence of oxygen.
We have substantiated the postulate (Hyatt
and Levinson, 1957} that, although spores will
germinate without the addition of phosphate,
added phesphate is required for the transition
from germinated spore to vegetative cell. Nu-
merous inorganic and organic phosphate com-
pounds support this postgerminative develop-

ment, and some of these compounds are more
readily utilized in the presence of Mnit, A
pyrophosphatase has been demonstrated in intact
developing cells, and metal activation and pH
data strongly suggest that more than a singie
enzyme system is operative. The presence of
phosphatases acting on substrates other than
pyrophosphate has also been considered.

MATERIALS AND METEODS

Spores of Bacillus megaterium  strain QM
B1551 were from the same pool of lyophilized
spores used previously {Hyatt and Levinson,
1657). Briefly, they were harvested from phos-
phate-buffered liver broth (Foster and Heiligman,
1949), washed by centrifugation at 4 C, and dried
from the frozen state. These spores had been
maintained in the iyophilized state for about 18
menths without detectable change in their ability
to germinate and to undergo postgerminative
development. On a dry weight basis (16 hr in
vacuum oven at 50 C), these spores contain
approximately 2.5 per cent fotal phosphorus
(methed of LePage, 1957}, Heat shocked spores
were used throughout {5 minimmersion of a buff-
ercd suspension in a water bath at 50 C). When
germinated spores were used, they were prepared
by incubating a buffered spore suspension, with
glucose (25 my) and a suifate source (0.4 mm}, on
a shaker for 120 min at 30 C.

Spore germination was estimated by a modifi-
cation (Levinson and SBevag, 1953) of the method
of Powell (1950). Germinated spores were differ-
entiated from ungerminated spores by their
stainability with methylene blue. Microscopic
observation of stained preparations was also
used in the separation of the morphological
stages subsequent to germination.

Unless otherwise indicated, all reaction sys-
tems contained spores, 1 mg (4.2 X 108 spores) per
ml; glucose, 25 mm; and ammonium acetate,
50 ma, 3s a nitrogen source. Sulfate (0.4 ma)
was supplied as K.80y, exeept that MnSO,
was used when the effect of Mntt was being
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investigated. Sodium cacodylate (60 pung) was
the principsl buffer used in these experiments,
but Tris [tristhydroxmethyaminemethane], so-
dium  barbital, KH.PO, and glyeylglycine
(50 mar) were also used, where indicated, Phos-
phate sources were added at a concentration of
1.0 mum of phosphorus (e. ., sodium pyrophos-
phate was used at a concentrstion of 0.5 mn).
Except for KH:PQ, inorganic phosphates
were generally used as the sodium salts. All
conceatrations are final, after tipping or starting
the reaction.

Oxygen consumption was measured at 30 C
by conventional Warburg technigues, using 0.3
m! of ghicose and sulfate in the sidearm; 1.5 mg
of spores in 1.0 ml of buffer, and 0.2 ml of phos-
phate in the main chamber; and 0.2 ml of 10
per cent KOH in the center well. When phosphate
was added at different time intervals, glucose,
sulfate, and spores in buffer were placed in the
main chamber and phesphate was tipped in
from the sidearm.

Percentage utilization of various phosphates
by developing spores was determined by estima-
tion of the amount of phosphate remaining after
incubation of the spores with pyrophosphate,
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substrate were hydrelyzed in 1 §~ HCH at 100 C
for 7 min, and the orthophosphate phosphorus
resulting from this hydrolysis was measured by
the method of Fiske and SubbaRow (1925).

Phosphatase activity was determined by esti-
matien of production of orthophosphate from
various phosphate compounds. Reaction systems
contained germinated spores in buffer; glucose;
sulfate; phosphate source; and, when used, in-
hibitor or metal activator. Incubation was car-
ried out in 50-ml flasks on a shaker at 30 C.
Controls containing spores, but not phosphate;
or phosphate but not speres, were included in all
experiments. At various time intervals, 1.5-ml
aliquets were removed, and the reaction stopped
by the addition of 0.15 ml of 100 per cent {w/v)
trichloracetic acid. The precipitated protein was
removed by centrifugation at 1 to 4 C and the
supernatant tested for orthophosphate. Total
hydrolysis of the added phosphate sources yields
31 pg of orthephosphate per ml.

RESULTS

Opiimal pH  levels for germination and  for
posigerminative development. At pll 7.0, in a
phosphate-buffered medium, spores germinate
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1956). For the purposes of the present study, it
was necessary to determine the pIl range for
postgerminative development, so that a distine-
tion could be made between phosphate require-
ments on the one hand, and pH requirements on
the other.

In phosphate buffer, containing glucose, spores
were found to germinate in & broad pH range, with
an optimum from 5.9 to 7.3 (fgure 1). Since so
few spores germinate at the higher pH levels, the
spares used to determine the pH range for post-
germinative development were preincubated for
2 hr at pH 6.8 to give 50 per cent germination.
Aliquots of these preincubated spores were then
adjusted to the desired pH with dilute HCI or
NaOH. The pH was readjusted at hourly inter-
vals. Without such readjustment, the pH dropped
as much as 0.8 pH units during the 6 hr of incu-
bation. Normal postgerminative development
does not oceur unless the pX is maintained over
6.4, and oplimal development is between 7.5
and 8.0 (figure 1), where 90 per cent of the
germinated cells divide. Below pH 6.4, the
few cells which divide appear abnormal. An initial
pH of 7.0 to 7.2 was used in all subsequent experi-

ments, compromising between maximal germina-
tion and maximal postgerminative development.

FPhosphate requirement for- postgerminalive de-
velopment. Spores germinate in glucose in an
acetate-buffered system {Levinson and Hyatt,
1956) with no added phosphate being required.
Demonsiration of a requirement for added phos-
phate in postgerminative development however,
necessitated showing that, at a favorable pH
(6.4 or higher) such development does not occur
in the absence of phosphate. Buffers such as
acetate, piperazine and Tris, initially at neu-
traliter, do not maintain the proper pH level for
postgerminative development. Tris, however, al a
sufficiently high initial pH (7.6), maintains the
level over 6.5, and although the percentage of
eermination is reduced, postgerminative develop-
ment oceurs, but only if phosphate is added.
Barbital and glyeylglycine actualiy inhibit the
development of spores in the presence of phos-
phate. However, sodium cacodylate (dimethyl-
arsonate) meeis the requirements for s satisfac-
tory buffer, as it is not inhibitory and spore
suspensions are maintained within 0.3 pH units of
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Figure 1. Effect of pH on germination and on pestgerminative development of spores of Bacillus
megaterinm. All reaction systems contained glucose and phosphate buffer, 50 mat. Germination data
taken at 180 min, For postgerminative development, spores were germinated at pH 6.8, aliquots ad-
justed to indicated pH levels, and %80, added. Postgerminative development plotted as per
eent of germinated spores which had divided at 440 min,

Fz_,gure 2. Eﬂ”ec_t of the addition of orthophosphate on the rate of oxygen consumption of spares of
Bacillus megaterium. All reaction systems contained cacodylate buffer (pH 7.0), glucose, and K.S0O,.

Orthophosphate added at 1.0 my. Develepmental phases are indicated at the top of the figure as
A, B, C, and D.
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Figure 8. Effect of orthophosphate concentration on the rate of oxygen consumption, and on t}:e post-
germinative development (PGD) of spores of Bacillus megaleriunt. All reaction systems conizined ca-
codylate buffer (pH 7.2), glucose, and X.80,. Reaction time was 360 min.

an initial pH of 6.8 to 7.2, during 6 br of incuba-
tion.

In cacodylate bufler, with no added phos-
phate, spores germinate, and some spores swell
and erack, but over an extended period there is
no further development. The low respiratory
rate (figure 2, B) does not increase appreciably
after 70 min when maximal germination has
been attained. Addition of orthophosphate,
10 mm, te the cacodylate buffer, supports
typical postgerminative development. The ger-
minated spore swells, and st 130 min the spore
cont craeks and emergence occurs {figure 2, C).
The cells elongate, and at 250 min (figure 2, D)
cell division begins. Changes in respiratory rate
correspond to each of these developmentai
phases.*

A few cells emerge, elongate, and begin to

divide at concentrations of orthophosphate
between 0.1 and 0.4 my. However, from 0.5
te 1.0 mnt phosphate is necessary for a maximal
number of cells to undergo at least one cell

t Exact time of these morphological and respira-
iory changes varies slightly from experiment to
experiment. Oceasionally, emergence occurs 4s
late as 150 min and cell division begins as early
as 210 min.

division {(figure 3). Respiration rates are higher
with further increase in phosphate concentration,
although the percentage of postgerminative
development i3 unaffected.

It is not necessary for phosphate to be present
from the beginning of incubation, hefore the
spores have germinated, in order for postgermina-
tive development to oceur. When phosphate is
added at 50, 99, or 120 min to spores incubating
in cacodylate buffer, glucose, and K80, emer-
gence occurs af 130 min, just as it does when
phosphate is present from the beginning. When
phosphate is added at 170 or 210 min, elongation
starts immediately, indicating that phosphate is
critical to the completion of postgerminative
development.

Phosphate eompounds which support  post-
germinative development. Many inorganic and
organic phosphate compounds, in addition to
inorganic orthophosphate meet the phosphate
requirement for development subsequent to
germination (table 1). The relative oxygen
upiake rate is somewhat higher in the presence
of Mn*t due to increased numbers of spores
germinating and subsequently dividing. All of
she compounds supported some postgerminative
development as indicated, at 310 min, by the
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TABLE 1
Effect of phosphate source and of Mr** on post-
germinative development of spores, as reflecled
in relative rates of exygen consumplion®

Relative O Uplake Rate
70 min 310 min

Fhosphate Source - - _

w | 2 | % | =

None..........oooviiennn. 1.0{1.5 7123
Potassium orthophosphate.| 1.2 | 1.7 | 6.2 1 7.3
Sodium pyrophesphate....i 1,1 | 1.3} 5.8 | 6.9
Fructose-1,6-diphosphate .| 1.0 | 1.5 | 5.1 | 6.5
Adenyie acid. ... ... L. 1.411.9]5.1]7.2
Glycerophosphate ........] 0.8 1 1.214.6 ! 6.2
Creatine phosphate 1.2] — (4.9 —
Phenyl phosphate....... .. 1.171.7]|52|6.3
Fructose-6-phosphate. ... | 1.1 ] 1.4|5.5|6.8
Adenosine triphosphate. .| 1.0 1.3 | 3.9 ] 5.7
Sodium trimetaphosphate.] 1.0 {1 1.4 1 2.6 | 6.3
Sodium tripolyphoesphate. | 1.1 1.4 251 7.0
Glucese-1-phosphate.. ... .} 1.1 [1.2]2.1 (6.5
Glucose-6-phosphate......} 1.0 [ 1.5 1 2.4 4.8

* Spores incubated in cacodylate buffer, pH
7.2; with glucose; and XK.S50,, or MnSO,. Phos-
phate sources added to give a concentraiion of
1.0 mnt, based upon phosphorus content. Relative
rate of oxygen consumption of 1.0 iz equivalent
{0 an observed rate of 0.85 al of oxygen per min.

higher oxygen consumption rates accompanying
cell division. However, Mot was required for
typical development (table 1) of spores in the
presence of glucose-1-phosphate, glucose-6-phos-
phate, trimetaphosphate, and tripelyphosphate.
With no Mn*+, postgerminative development
with these compounds is defayed until approxi-
mately 280 min, when there is a slight increase
in the respiratory rate, and a few cells elongate
and begin to divide. Other metals can substitute
for Mn*t; Zn*F being effective at the same
concentration, 0.4 mar; and Mpg*+ at a higher
concentration, 10 mu.

The utilization of various phosphate com-
pounds was determined by an estimation of the
disappearance of these compounds from the
medium during postgerminative development
{table 2), Mn*+ appears to be required for the
utilization of, as well as for the development of,
spores with trimetaphosphate, tripolyphosphate,
and  glucose-1-phosphate,  Pyrophosphate can
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TABLL 2 ]
Utilizafion of phosphate compounds®

Phasphate Utilized
Phosphate Source
K80, MaSO:
% %
Potassium orthophosphate . .. 95 100
Sodium pyrophosphate.... ... 30 47
Sodium trimetaphosphate. ... 4 30
Bodium tripolyphosphate. ... 7 58
Glueose-1-phosphate.... ... .. 0 42.5

* Bpores ineubated in cacodylate buffer, pH
7.2; %ith glucose; and .80y, or MnaBG,. Phos-
phate sources added to give a concentration of
1.0 mu, based upon phosphorus content. Reaction
time, 100 min.

be used without Mntt, but its utilization is
increased when Ao is present. With AMntt
all the orthephosphate, but only 30 to 58 per cent
of the other compounds is consumed in 400 min.

Varying amounts of orthophosphate and of
pyrophosphate are utilized in the stages of post-
germinative development (figure 4). Very little
phosphate uptake occurs during germination
and swelling, more during elongstion, and uptake
increases rapidly during celi division. ‘Mn* has
little effect upon the uptake of orthophosphate,
but it does increase the rapidity and extent of
pyrophosphate utilization.

T'nvolvement of phesphatases in wtilization of
phosphates during posigerminative development,
The requirement for metal activation in utilizz-
tion of several of these compounds in posiger-
minative development suggests the possibility
of the inveolvement of enzymatic action by phos-
phatases. If these compounds do serve as phos-
phatase substrates, orthophosphate production
frem them should be demonstrable. No ortho-
phosphate can be detected in the medium when
spores undergo postgerminative development
with these phosphates. Possibly any orthophos-
phate produced is immediately taken up and
utilized by the developing cell. Demonstration
of the involvement of phosphatase sctivity in
the utilization of these phosphate compounds
was approached in two ways: (a) by inhibiting
phosphatase activity, but not postzerminative
deveiopment; (b) by inhibiting postgerminative
development, in which phosphate uptake occurs,
but not phosphatase activity, so that ortho-
phosphate may accumnlate and be measured.
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Figure 4. The utilizztion of orthophosphate and of pyrophosphate, witl} or wit,hot_lt Mut™, daring
germination and postgerminaiive development ol spores of Baeillus megateriwm, Reaction systems con-
tnined cadodylate buffer (pH 7.2); glucose; and .50, or MnSO.. Phosphates used at 1.0 mu of P.

In the first case, if phosphatase activity is
necessary for the utilization of these compounds,
and if this enzyme is inhibited, postgerminative
development should oecur only in the presence of
orthophosphate. Spores were preincubated for
100 min in cacodylate buffer, glucose, and An30,
before the addition of varicus chemicals deseribed
as engyme inhibitors, and phosphate source.
Pyrophosphate and glucose-1-phosphate  were
tested with all the inhibitors, and several of the
other phosphate compounds were oceasionally
used. None of the chemicals (table 3, first group)
inhibited postgerminative development in pyTo-
phosphate or glucose-1-phosphate, if it occurred
in the presence of orthophosphate. Attempts to
inhibit phosphatases and not postgerminative
development, by heat or by treatment with dilute
acid, also proved unsaiisfactory in that any
trentment permitting postgerminative develop-
ment in orthophosphate, also permitted it in
the presence of the other phosphate substrates.

The second method emploved to demonstrate
phosphatase activity was to inhibit postgermina-
tive development and phosphate uptake, but
not phosphatase, so that orthophosphate result-
ing from bhydrelysis of phosphate substrates
could accumulate and be measured. Ortho-

phosphate production could be demonstrated in
gignificant guantities, but only from pyrophos-
phate, in the presence of the inhibitors: cysteine,
sodium dicthyldithioesrbamate, sodium barbital,
and glyeylghyeine {table 3, second group). Post-
germinative development and phosphate uptake
are also inhibited under acid eonditions, and
when the pH is lower than 6.4, orthophosphate
production from pyrophosphate can be shown
without the addition of inhibitors, Figure 5 repre-
sents the hydrolysis of pyrophosphate by ger-
minated spores over a 4.5-hr period. These cells
appear to have several pyrophosphate hydro-
lyzing enzymes. Hydrolysis i activated by Cott
at low pH; by Mo+t near neutvality; and in the
absence of metal ions there is little activity until
a2 pH Jevel greater than 8.0 is reached. Metal
jons may actually be somewhat inhibitory at the
higher pH levels.

Under optimal conditions, pyrophosphate can
be completely hydrolyzed by germinated spores.
However, we have been able to show only partial
hydrolysis of phenyl phosphate, tripolyphos-
phate, adenylic acid, and adenosine triphosphate.
Spores incubated under 99.996 per cent nitrogen
produce measurable orthophosphate from pyro-
phosphate and from tripelyphosphate. Under
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TABLE 3
Effect of inhibitors on development of germinaled
spores, incubated with various phosphate sources;
and on preduction of delectable orthophesphate
frem pyrophosphate®

Letl
Division
Pribe | Derectatn
cteclanle
inhibiter Concentration Iﬂ'cs)l:‘rh;tc. I())l::'l]l"c)[?}r):ns’;
ph“;‘;"i‘mlc' Pyrophosphate
Glucose-
1-phos-
phate
mM
Sodium melyb-
date. ... ... 0.01, 0.1, + —
1.0 and
10.0
Sodium tung-
stafe.........[ 0.01, 0.1, + -
) and 1.0
Potassium
todoacetate..| 5.0 + -
Sodium  flua-
ride.......... 10.0 + —
Thiamin.......|] 0.1 ard 4 —
1.0
{rethane.......] 1.0 and 4- —
109
Thiourea..... .. 1.8 and + —
10.0
Cysteine. ... .. 1.0 -+ -
Cysteine . .. .. .. 10.0 — +
Dinitrophenol..| 5.0 - -
Sadivm szide.. .| H.0 — —
Ethylenedi-
aminetetra-
acetic aeidf..| 0.4 — -
Sodium  di-
ethyldithio-
carbamate. ..| 1.0 - -
Sodium barbi-
tal. ... 50.0 — -
Glyeylglyeine. .| 50.0 — +
Potussium eya-
nide..........1 10.0 - o test
Sodium  ar-
senate. ... .. S 10,0 - interferes
with
test

* Bpores were germinated for 100 min, in
cacodylate buffer, pH 7.0, glucose and MnS0..
Inhibitor and phosphate (at a coneentration of
1.0 mu of phosphorus) were added and the reac-
tion allowed to preeeed lor an additional 310
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these anaerobie conditions, spores germinate,
but postgerminative development does not
accur and orthophosphate is not taken up. We
were unable, using a variety of methods, to
demonstrate any production of orthophosphate
by hydrolysis of glucose-1-phosphate, glucose-6-
phosphate, fructose-1,6-diphosphate, fructose-6-
phosphate, or trimetaphosphate.
LISCUSSION

There is increasing evidence that the transition
of a resting bacterial spore into a rapidly metab-
olizipg vegetative eell involves complex stepwise
changes in metabolic pathwavs. The data re-
ported here add further experimental support to
the postulate that the nutritional requirements
for germination are different from those for the
subsequent metamorphosis to vegetative cell
(postgerminative development).

The addition of orthophosphate in concentra-
tions between 0.5 and 1.0 my, is sufficient {o per-
mit further development of spores of Bacillus
megaterium, germinated in glucose. Although
these spores contain about 2.5 per cent total
phosphorus, this phosphorus is  either com-
pletely utilized duriag germination, or is In 2
form unavailable for the development of the
germinated spore. Since vegetative cells contain
twice as much phosphorus as do spores (Curran
ef al., 1943), it is not surprising that added
phesphorus is reguired f{or postgerminative
development. Hachisuka et al. (1956}, have also
reported differences in the phosphate requirement
for glucose oxidation in germinating spores and
vegetative cells of Bacillus sublilis. naysi (1945,
1948) referring to germination in Bacillus my-
cotdes, (Bacillus cereus var. mycoides) as the entire
process from spare to vegetative cell, has noted
the accelerating effect of the addition of phos-
phate on this development, and has commented
on the high propoertion of spores in glucose alone
which become deeply stainable (our *“germina-
tion”), but do not vegetste.

Very little phosphate uptake oceurs during

min + indicates that cell division does occur, or
that orthophosphate production can be measured.
— indicates that cell division does not oceur, or
that orthophosphate productien cannot be
measured.

1 Adenylic acid and fructose-1,6-diphosphate
support postgerminative development in the
presence of ethylenediaminetetraacetic acid.
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Figure §. Hydrolysis of pyrophosphate to orthophosphate by germinated spores of Bacillus T{Lsga!ert:um
ns a funcLi‘on of pEf, under varying conditions. Speres (1 mg per ml} were germinated for 2 hrin barbital

or eacodylate buffer at pH 6.8, with glucese and KK

50,. Pyrophosphate (0.5 mar), DDC (1.0 may), and

v 7 : ] { germinated spores to the desired
3 MnS0, (0.4 my), when used, were added after adjustment o er ‘
(II‘_’IS%‘:L; arg gi\:e(n as pg of orthophosphate produced 4.5 hr after the addition of pyrophosphate. Legend:
ﬁar'bita! buffer, ——; sodium diethyldithioearbamate (DDC) in eacodylate buffer — — —; cacodylate

bhuffer at low pH, ----- .

germination and swelling, more during elonga-
tion, and uptake increases rapidly during cell
division. Phosphate utilization and oxygen eon-
sumption curves appear to be related in that the
slopes of both curves increase after emergence,
during elongation, and again during cell dwlsu?n.
The significance of this relationship is uncertain,
as the oxygen eonsumption curve represents rate,
and the phosphate utilization curve represents
total phosphate consumption. However, tl?e
data of figure 4 do suggest a marked increase in
phosphate utilization rate with each change in
developmental phase.

Many inorganie and organie phosphate corn-
pounds are capable of supporfing postger'mimtnic
development of spores of B. megaterium. We
have considered the possibility that these phos-
phate compounds are made available for'po_st—
germinative development through the medmt}on
of phosphatases, with consequent  production
and utilization of orthophosphate. However,
we have been unable to demonstrate the produe-
tion of orthophosphate from many phosphate
compounds, which do, nevcrth_eless, isupport
postgerminative development. It is possible that
the inhibitors which we have used to prevent

postgerminative development and phosphate
uptake, also inhibit the particular phosphatases
under investigation.

Pyrophosphate is hydrolyzed by extracts of
spores, germinated spores, and vegetative cells of
B. megaterinm (Levinson et al, 1958}, and we have
now shown that intact germinated spares produce
orthephosphate frem pyrophosphate, and to a
lesser extent from phenyl phosphate and iri-
polyphosphate. However, the mere presence of
pyrophosphatase is not conclusive evidence that
this enzyme plays a role in either phosphate up-
take or in postgerminative development. Yeast
phosphatases, for example, are\said to have mo
part in the uptake of phosphate or of sugar
{Rothstein and Meier, 1949). Indeed, post-
germinative development and pyrophosphat:ase
activity of germinated spores of B. megalerium
have differcnt meial aetivation and pH require-
ments. At ncutrality, with pyrophosphate as the
phosphate source, postgerminative development
proceeds in the absence of Mu*t. However, the
pyrophesphatase of germinated spores at this pHi
requires metal activation. Although it may be
possible to link pyrophosphatase activity and ic
utilization of pryrophoesphate in postgerminative
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development, we lack evidence associating other
phosphatases with this development.

Alore than one mechanism may be involved in
the utilization of various phosphate compounds
in postgerminative development of spores of B.
megaterium. Orthophosphate and  phosphate
compounds hydrolyzable by intact germinated
spores, may act by supplying orthophosphate,
which could be incorperated into phosphorylated
compounds eapable of penetrating the cell mem-
brane (Rosenberg and Wilbrandt, 1952; Roth-
stein, 1954). Phosphate compounds from which
no orthophasphate production ean be detected,
but which nevertheless are utilized in post-
germinative development, may act, by transfer
of phosphate to glucose or unknown compounds,
in such a form as to permit penetration of the
ecll membrane. This would make phosphate
available to the cell by a mechanism not neces-
sarily invelving phosphatase.
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SUMMARY

Spores of Bactllus megaterium germinate, but
do not develop, in the absence of phosphate.
The addition of orthophosphate, at a minimum
concentration of 0.5 to 1.0 my, supports post-
germinative development of over 90 per eent of
the germinated spores in & suspension containing
approximately 4.2 X 10% spores per ml. Many
other inerganic and organic phosphate com-
pounds also permit this development, and some
of these compounds are more readily utilized in
the presence of metal activators, such as Mnt+,

Germinated spores hydrolyze pyrophosphate to
orthophosphate, but this can be demonstrated
only under ecnditions inhibiting postgerminative
development and phosphate uptake. Nletal
sctivation and pH data suggest the presénee of
more than a single pyrophosphatase. We have
been unable to demenstrate hydrolysis of many
otier  phosphorylated compounds, which do,
however, support postgerminative development.

The oxygen and pH requirements for germina-
tion differ from those for postgerminative
development.
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